Medicine's (IFCC)-recommended assay for ionized calcium is ionselective electrodes (ISE), 8 which is usually performed on blood gas analyzers 2, 3 and the majority of commercial vendors do not offer an ionized calcium assay based on large chemistry analyzers. 3, 9 By contrast, total calcium is usually measured on large chemistry analyzers along with other blood chemistry tests.
Consequently, ionized calcium is less frequently measured than total calcium in clinical practice, 7 and total calcium is usually used as an alternative test to detect hypercalcemia or hypocalcemia.
Considering that total calcium is affected by serum protein and pH, many methods have been proposed to correct total calcium. 10 Several studies have investigated the accuracy of total calcium and its corrected value for predicting hypocalcemia or hypercalcemia, 10, 11 but the sample sizes of these studies were small, and the results were heterogeneous. To the best of our knowledge, no study has investigated whether the accuracy of total calcium for predicting critically high or low calcium is acceptable in critical illness. Therefore, we investigated whether the concentration of total serum calcium, either corrected for albumin or not, could predict critically high or low values in critically ill patients.
| MATERIAL S AND ME THODS

| Study subjects
Similar to a previous study, 12 this report describes a retrospec- proved to obtain the data for research aims. All data were extracted using the structured query language (SQL) with the pgAdmin platform. Informed consent was waived because this was a databasebased retrospective study.
The inclusion criteria of this study were (i) test panel that contained albumin (itemid = 50862), total calcium (itemid = 50893), and ionized calcium tests (itemid = 50808) (named an ATI panel)
during the ICU admission; and (ii) the time intervals (defined as charttime in MIMIC III database) between these three tests were less than 1 hour. If an ionized calcium had more than one matched albumin or total calcium, only the panel with smallest time intervals was used for analysis. We corrected total calcium using the method proposed by Payne et al. 15 Similar to previous studies, 1, 9 the thresholds for defining critically low and high ionized calcium were 0.79 mmol/L and 1.58 mmol/L.
| Statistical analysis
All statistical analyses were performed in SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). The normality of the distribution of data was tested by the Shapiro-Wilk test. Normally distributed data are expressed as the mean and standard deviation, and skewed data are expressed as median and interquartile range. 16 The correlation between total and ionized calcium was analyzed using Spearman's approach.
Receiver operating characteristic (ROC) curve analysis was used to estimate the predictive accuracy of total calcium for critically high and low ionized value. The positive predictive value (PPV) of total calcium, either corrected or uncorrected, was prespecified at 0.05 or 0.10. In other words, to avoid missing one case of critical hypercalcemia or hypocalcemia, twenty or ten critical value calls were acceptable. P values less than .05 were considered to be statistically significant.
| RE SULTS
| Summary of tests results
Figure 1 is a flowchart of data extraction. In the end, 12 118 ATI panels with 4699 patients were included. Table 1 Figure 3 is a ROC curve depicting the predictive value of corrected and uncorrected total calcium for critically high and low ionized calcium values. The AUCs of corrected and uncorrected total calcium for predicting a critically low value were 0.69 (95% CI: 0.61-0.76, P < .001) and 0.70 (95% CI: 0.63-0.78, P < .001), respectively (P = .78 for AUC comparison). The AUCs of corrected and uncorrected total calcium for predicting a critically high value were 0.97 (95% CI: 0.95-1.00, P < .001) and 0.98 (95% CI: 0.97-1.00, P < .001), respectively (P = .48 for AUC comparison).
| Accuracy of corrected and uncorrected total calcium for predicting critically high and low ionized calcium values
Next, we fixed the PPV at 0.05 or 0.10 and calculated the corresponding thresholds, sensitivities, and specificities. As the critically low and high values of total calcium in many laboratories are fixed at 1.50 mmol/L and 3.25 mmol/L, 17 we also calculated the sensitivity, specificity, PPV, and negative predictive value (NPV) of total calcium at these thresholds. The results are summarized in Table 2 .
| D ISCUSS I ON
In this study, we found that the incidence rates of critically low and high values for ionized calcium were 0.85% and 0.76%, respectively.
These results indicate that the incidence rate of critically high and low ionized calcium is high in critical ill patients. 18 Our findings are supported by a previous study, which reported that the incidence rates of moderate hypocalcemia (ionized calcium less than 0.9 mmol/L) and hypercalcemia (ionized calcium more than 1.35 mmol/L) were 10.8% and 6.7%, respectively. 5 The increased rate of abnormal ionized calcium in critical illness may be due to the following: 6, 18, 19 Approximately 1030-2060 critical value calls are needed to identify the patients with critically low calcium (n = 103), and using this strategy, we only identified 45-57 of them. On the other hand, the accuracy of total calcium for predicting critically high ionized calcium was high, with AUCs more than 0.95 and sensitivities more than 0.90, indicating that only small portion of critically high calcium was missed and that total calcium is a reliable predictor for critically high ionized calcium. We also found that the currently widely used threshold of total calcium to define critically low calcium is not optimal, as approximately two-thirds of patients with critically low ionized calcium will be missed at this threshold. Our results are supported by a recently published study that investigated the predictive value of total calcium for critically low ionized calcium in patients with cancer. The gender distribution and average age were calculated per test panel (ionized calcium, total calcium and albumin, and designated ATI).
F I G U R E 2 Scatter plot of total calcium and ionized calcium
In that study, the authors reported that approximately two-thirds of patients with critically low calcium would be missed if total calcium was used as a predictor. Taken together, these results indicate that the accuracy of total calcium for predicting critically low ionized calcium is low, regardless of whether it is corrected, while the accuracy of total calcium for critically high ionized calcium is high.
This study has several limitations. First, this study was based on a publicly accessible database, the representativeness of the subjects might be negatively affected by the retrospective design of this study, and the instruments used for albumin and total and ionized calcium were unavailable. Second, the subjects in this study were critically ill patients, and the results cannot be generalized to patients not admitted to the ICU.
In conclusion, our study suggests that the predictive accuracy of total calcium, either corrected or uncorrected, for critically low ionized calcium is not reliable. Approximately half of patients with critically low ionized calcium will be missed if total calcium is used as a predictor for critically low ionized calcium. However, the predictive accuracy of total calcium for critically high ionized calcium is sufficiently high. Therefore, ionized calcium should be recommended for critically ill patients with suspected critically low calcium. NPV (95% CI) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value. 
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